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To in vesti ga te the possible p arti cipatio n o f oxygen inter-
m edi ates (O is) in th e contact p h o tosen s iti z:nio n p rocess, 
mice we re treated with lo n g- actin g liposo nnl-s up e rox ide 
di smutasc (L-SOD) befo re ph otosen siti zati o n . Photosen-
siti za ti o n to 3,3 ' ,4' ,5-tetra chl o rosa li cy lanilide (T CS A) was 
sig nifi c:mtl y su ppressed b y th e p retrea tment of mi ce w ith 
L-500. T hi s su pp ression was n o t mediated b y suppresso r 
ce lls o r d ue to a n unrespons ive s tate produced b)> th e usc 
of L-SOD. !<. a the r , the su ppressi o n appea red to be d ue to 
the fa ilure of p ro du cti o n of p h o toa llcrgen . L-S OD treat-
R ecent adva nces in immunolog ic studies of co m act photosensiti vit y (<::: PS) usin g a mo use mo del clearl y sugges t that it is a T cell-med iated immune res ponse of the delayed-type h ype rsensitivity 11 ,2 1. Fo llowin g . the ini tial photochcmi c:d reactio ns. a delayed-type 
Jm ntun o logic .rcspo nse is p ro mo ted by the Langcrha ns cells 13 1. 
Li ght in photoa llcrgic rea ctio ns appears to photochemi call y alrer 
a haptenic group of sensiti zing chemica ls leadin g to con lent bind-
ing to ca rrier protein s. Two co nfli ct in g views have been put 
forward to expla in th e formation of photoa llcrgcns. O ne is that 
the photoa\krgen is a hapten that binds to a ca rr ier p rotein via 
the format io n ()f free radi ca ls and/o r oxidatio n res ultin g fro m 
irrad iat io n 14,5 1. T he second theory postulates that irrad iat io n 
transforms the photosensitizer into a m o re potcor and stable pho-
toprod uct that binds to skin protei n to produce a complete antigen 
161. Acco rding to the latte r view, C PS to 3,3' .4',5- tctrachl o ro-
salicy\anilide (TCS A) is essentially contact sensitivity (CS) to 3' ,4' ,5-
trichlo rosa licy lanilide (TCS), a dechlo rinated com pou nd of TCSA 
that is fo rm ed by UV irradiation. However, we have recen tly 
fo un d that effecto r T cells for C PS to T CSA do not mediate C PS 
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Abbrev i:1tio ns: 
13L: black light (lo ng UV. 320-4()0 nlll ) 
C PS: contact photosensitivity 
CS: contact sensit ivity 
C Y: cyclophosphalllide 
DNF!l : dinitro Auorobenzcnc 
H I:!SS: Hanks · balan ced sa lt so lu tio n 
L-SOD: liposo1 nal superox ide d ismut~se 
O is: oxygen intermediates 
TSCA: 3,3 ' ,4' .5-tctrachlo rosa licylanilide 
m ent indu ced th e suppress io n of contact ph otosen s iti v ity 
to TCS A but no t o rdi n a ry contact sen siti v ity to T CS A or 
dinitro~uoroben zene, su gges tin g th a t th e pro duct io n of 
photoa ll e rgen is more criti ca ll y dep endent o n the presence 
of O ls tha n that of o rdina r y co ntact a ll e rgen. The resul t 
provide ev iden ce th il t O ls a rc pro du ced b y li g ht abso rp-
ti o n in th e presen ce of oxygen and rea ct w ith th e bi o logic 
s ubs tra te to fo rm photoa llcrgen s. J In ves t OemJaf<ll 86:26-
28, 1986 
or CS to TCS, w hich m~kes the Inter pro hap ten theo ry unli kel y 
17 1. 
In th e prese nt stud y, we ex~ min ed whether the photod ymmir 
action , i.e., the ox ygen-d ependent ac tio n of lig ht. plays an im-
po r t~llt role in cutaneous photosensitization usin g our mo use model 
111 . Altho ugh several co nta ct photosensiti zc rs were ava ilable 18), 
we chose T CS A because it is a po tent :t nd we ll-stud ied photo-
se nsi tize r. Long-actin g liposo mal supcrox ide d ismu rase (L-SOD) 
was inj ected before comact photosm sitizat io n , w hi ch was ex-
peered ro scavcnge superox ide a ni on ~, to assess the part icipation 
of oxygen interm edi ates (O is) in the photosensiti za ti o n process. 
MATEr~IALS AND M ETHODS 
Anin1als M;1le lJALB/c mi ce were obta ined fro m Shizuob Ex-
peri men ta l Anim al Corpo ratio n. Ha1namatsu , Japan , and used in 
all expe rim ents when th ey were B- 12 weeks old . 
Chc111icals TCSA was purchased fro m E:~stm:Jn Kodak Co., 
Rocheste r, N ew Yo rk . L-SO D :~ n d empty liposonn:s were gen, 
crous g ifts from Dr. A. !VI . Mi chelso n, In stitute de Bio logic l'h y , 
ico-C himique, Pari s. Fra nce . L-SOI) encaps ula tes bov in e C u and 
Z n-SOD fac ili tates fix:~t i on and penetratio n of th e enzy me as a 
fun ctio n of liposo me compositio n, thu s in creas in g ph ys iologi 
lifetime 19 1. Although the enzy me in sk in was no t measured di, 
reed y and other superoxide effects in skin modified by the prep' 
aratio n we re no t exa min ed , l oca l i z :~t i o n studies after injectio n ot 
anim als usi ng radi oacti vely labeled L-SOD 11 0, II] indi ca ted th at 
cnough L-SOD could be ex pected to be distributed :~ nd rem ait\ 
in the skin durin g the photosensitiz:ni on process . The empt) 
li poso mcs w ithout SOD we re prepared by Dr. A. !VI . Mi chelson, 
Free bov ine b lood SO D was obtained fro m Sig m a C hemi cal Co., 
St. Lo ui s, Missou ri. DNFD ( 1-Auo ro-2,4-d ini tro benzene) :~ nd cy, 
clophosphamid e (C Y) were purchased fro m N ab rai C hemical 
Co., Kyo to, Japan . 
Light Twenty- watt Toshiba FL-20l3LU wbes (bla ck li g ht , BL\ 
(Toshiba Electri c Co., Tokyo, Japa n) were used fo r irradi :~ ti on 
The BL emit ted long- wave u ltrav io let (UV A) rang in g mainh 
320-400 nm w ith a peak at 360 nm. T he energy o utpu t of3 tu b · 
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arranged in para ll e l was 2. 7 111 W / cm 2 at 360 n 111 and 0. 17 m W / cm 2 
at 305 nm at a d is tan ce of 15 em. 
Sensitization and Elicitation of CPS to TCSA The p roce-
dure was as desc ribed prev io u s ly I I 1. In brief, 50 ILl o f I 'Yo T CS A 
in aceton e was app lied to th e shaved abdomina l wa ll skin of mi ce 
and , w ithin 30 min , th e site w:1s irradiated w ith 3 tubes of UL at 
a distan ce or 15 Clll fo r 2 h o n days () :m el I . Li g ht pa ssed thro u g h 
a pa ne of w ind ow g l:i ss (3 mn1 th ick) . . O n cb y 5, all mi ce w n e 
cha llen ged o n both s ides of th e ca r lobL· w ith an app li catio n o f 
20 J.LI ofO. I% T CS A in er h ~ n o l and subsequent irradi ati o n with 
3 tubes of 13L at a dis tan ce o f 15 cm for 2 h. Before elic ita ti o n , 
the ba sa l lin e thi ckn ess of bo th ca rs was m easured w ith a dial 
thi ckness ga uge ( l'ca co ck . Tok yo, j apa n) . Ea r thickness was mea-
sured 24 h afte r thi.: UL irradiati o n and expressed as the m ea n 
increm ent in thi ck ness above t he basa l lin e co ntro l va lues. 
Sensitization and Elicitation ofCS to TCSA and DNFB For 
sens iti za ti o n , a so lutio n of 50 ILl of I o;., T CS A in acetone o r 20 
ILl o f0.5 % DNFl3 in an o li ve-acetone mi x ture ( I :4) was app lied 
epi cutaneo us ly o n th e sh aved abd o minal wa ll skin . Five cla ys after 
scns iti z:nio n , the anima ls were ch all en ged o n both s ides o f the 
ca r lobe w ith 20 J.LI ofO. I% T CS A o r 0.2% DNFU . Ear t hi ckn ess 
was m easured 24 h a fte r ca r c ln llcn gc . 
L-SOD Treatment L-SOD, free SOD, and empty li poso mcs 
were disso lved in ste ril e ph ys io iogic sa lin e. Each m o u se was in-
j ec ted i. p . w ith so luti o n (0 .2 m l) containin g 10, 50, or 100 ILg o r 
L-SO D 2 h be fore sen s iti zation and / o r e li cita tion. Contro l mi ce 
rece ived an equ al a m o unt of either p h ys io lo g ic sa lin e, free SOD, 
o r em pty liposo m cs . 
Adoptive Transfer Study O n da ys 0 and I, d o no r mi ce we re 
trea ted w ith 100 J,Lg / m o use of L-SO I) i. p. :1nd ph o tosens iti zed 
w ith T CS A and BL exposure the reafte r. O n day 5, s in g le t e ll 
suspen sio n s we re prepared b y teas in g spiL:cil s and ly mph n o des 
in H ank s ' b a lan ced sa lt so lu t io n (Hl3 SS) (Niss ui Sc iya ku , J apan) 
co nta inin g peni c illin ( 100 U / ml) ~ 11d s treptom ycin ( 100 ILg / ml) . 
The ce lls we re w~shcd twi ce w ith H USS b y centrifu g ation at I 000 
rpm for 7 min at 4°C. Mi ce n :ccivcd I x 10" spleen o r ly mph 
node ce lls in 0.4 ml ol HB SS i. v . and were photose11 siti zed within 
I h. They w ere phorocha ll cng cd 5 clays late r. 
CY Treat1nent Two da ys befo re photosen s iti zat io n , mice re-
ceived an i. p. inj ect io n o f C Y at doses of I 00 o r 200 m g / k g. 
Contro ls we re injected w ith ph ys io log ic sa lin e . O n da ys 0 and 
I, the mi ce we re treated w ith 100 J,L g / m o usc o f L-SOD (i.p .), 
and photose ns itized w ith T CS A plu s DL irrad ia ti o n . On cla y 5, 
the ca rs we re irradiated and the in c rem ent o f ca r th ickness was 
meas ured a t 24 h . 
Statistica l Analyses Stud en t's /-test was e mpl oyed to deter-
mine s tatisti ca l differen ces between m ea ns. 
RES ULTS 
Effect of L-SOD on CPS to TCSA As show n in Table I , 
i.p. inj ect io n of L-SOD at doses of 10, 50, and 100 J,Lg/mouse 
befo re photosens iti za ti o n s ig nif1 ca1Hi y inhibited the increase in 
ear thi ckness . This suppress io n was co mparable to that prod u ced 
b y L-SOD pre trea tm ent befo re bo th photosens iti za tio n and ph o-
toe li cita ti o n. O n th e other lund , suppress io n of C PS reactio n was 
not m arked w hen L-SOD wa s administered to the ph o tosens iti ve 
m ice just before photocha llcnge alone . Thus, o nl y the 100 ILg/ m o usc 
dose gave a s tatist ica ll y s ig nifi ca nt suppress io n of the photocli c-
iting reactio n. The suppress ive effec t was n ot observed e ithe r b y 
free 100 J.Lg of SOD o r e mpty liposo m es that were eq ui va lent to 
100 J,L g of L-SOD even th o u g h mi ce received inj ecti o n s before 
both photosens iti za tio n and photoclic itati o n (Ta ble II ). 
Effect of L-SOD on CS to TCSA or DNFB To confirm the 
inability of L-SOD to suppress o rdin ar y CS, mi ce received 
L-SO D befo re se ns itization and /o r e li citati o n to TCSA o r an un-
re lated hapten , DNFB. T he res ults o btained in t his ex periment 
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Table I. Effect of L-SOD o n C PS to TCSA 
L-SO I) (J.Lg/ mousc) 
T rc:nn1cnr" 13eto rc 
l'ho tOSL' Il sitizarion Phoroclieit:1 rion Ear ln ercmc·nr1' 
(cb ys Oa nd I ) (dayS) (mea n ± SD X 10 -'em) p Va lue 
0 0 4.:-i ± 0.6 
10 Ill 2 .. \ ± 1.3 < 0.01 
so Sll 1.3 ± ll .S < 11.00 1 
I ()() 100 1.2 ± 0.4 < tl.OO I 
10 () 2.0 ± 10 < 0.00 1 
so 0 1. 1 ± 0.3 < 0.00 1 
100 () 1. 1 ± 0.3 < ().()() 1 
0 10 4.0 ± 2.0 > 0. 1 
0 50 3.5 ± 0. 7 < 0. 1 
0 100 2.7 ± 1.5 < 0.0 1 
0 A ..;olu t io n (0 .2 ml ) cn n( :Jinin g 10. 5t1. or )Oi) JLb o f L-SO D was i1~jcn L'd i. p . 111 
t':l clt 11 \0 tl SI..' 2 h bd0 rl' scns iti z;~ ri un and / o r t• li c ii:Hi o n (n = 5) . 
bE.1r in cn..' ll l L' tlt in JH:g:ui vc cn nt ro ls = 0 .2S :!:: 0 . -IJ. 
revea led th :lt L-SO D at a dose o f lOll ILg / m o use did n ot a ffect 
CS w hen inj ec ted before sen s iti zati o n and / o r e.li citat io n (Table 
Ill ). 
Adoptive Transfer Study and CY Treatment To elu cida te 
th e in vo lvem ent o f supp resso r cel ls in L-SOD-indu ced suppres-
s ion, spleen ce lls, ly mph no de ce ll s, o r se rum from L-SOD p re-
treated ( I 00 J,Lg / m o usc), pho tosens it ized mi ce we re t ran sferred to 
sy n gen eic recipient mi ce that subsequently were photosens iti zed . 
In du c ti o n o f C PS was not affected in tran sferred mi ce (data no t 
show n) . C Y pretrea tment (1 00 o r 200 m g/ kg) . w hi ch rem oved 
suppressor ce lls, did no t res to re the suppressed challen ge reacti o n , 
tho ug h C Y enhanced the in c re m ent of car t hickn ess in mi ce th a t 
we re no t trea ted with L-SOD (data not shown). These res ults 
indi cate that suppresso r ce ll s arc not invo lved in L-SOD-induced 
inhibitio n of ca r swellin g. 
D ISCUSS IO N 
O ls pro du ced b y inA a mmato r y cell s a rc am o n g the m ost impo r-
ta nt inAamm ato ry m ed iato rs indu cin g ti ss ue injury in severa l skin 
di seases I 12- 15 1. In ph o todcrmato logy, O ls a rc also known to 
play impo rtan t ro les: photosen sit ivity in sys tem ic lu pus ery the-
matos us I 16 ]. sunbui·n ce ll formati o n I 17 [. and photo tox ic reac-
tion s I 18 1. Sin ce th e discovery .of SO D , a metall oenzy me that 
catal y ti ca ll y scaven g es supcroxid c radi ca ls , th e re has been w id e-
spread inte rest in the ro le of O ls in th e inA ammato r y process an d 
the protec ti ve eftl:cts o f SOD fro m tox ic ac tio ns of rea c tive ox-
ygen species. H owever , free SOD h as a sh o rt half-li fe in · v ivo 
a1id is ex cre ted rapid ly, m ak in g the in v ivo experim ents diffi cult. 
T hu s, ever y effo rt has been nude to obtain a lo nge r h alf-life an d 
bette r fixati o n and pe rm eab ility to ti ssues . In v iew of these facts, 
Table II. Effect o f Free SOD. and Empty Liposo m es o n C PS 
to TCS A Compared w ith L-SOD 
-- --______ .:___ _________ _ 
T reatment'' lkfore 
l'hotoscJJ sitization 
(days 0 and I ) 
Free SOD 
( IOU J.Lg/ mousc) 
Empty liposomes 
L-SOD 
(100 J.Lg/ mousc) 
Photoclicitarion 
(da y 5) 
Free SOD 
( I 00 J.Lg/ mousc) 
Empty li poso mcs 
L-SO D .. 
(100 ~Lglmousc) 
Ea r In crement" 
(mc;lll ± SD x \0 - J em) 
4.0 ± 1.0 
4.0 ± 0.7 
4.2 ± 1. 0 
1.7 ± O.<J• 
"L-SOIJ, fr L·t.: SO D. :111d e mpr y liposo m es wen .. · dissolvt.•d in s tc rik ph ys io logic 
sali11e and inj ected i .p. 2 h before sensitization and /or .:licitati on (n = 5). 
bEar in crl' mcllt' in negati ve COIH ro ls = O.S ::!: O.H-1 . 
··/, < 11.!1 1. 
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Table Ill. Effects o f L-SO D o n CS to T C SA o r D N FB 
L-SOI) (J.tg/ m ousc) 
Tn:arm cnr' !Jdorc 
Scnsitiz:l!:ionl< 
(day IJ) 
() 
l l)l) 
IIJO 
l) 
Elici tJ tio n' 
(d:J y 5) 
() 
100 
() 
IOU 
Ear ln crcm em 
(mean ± SD X 10 - .1 em)'' 
TCSA DNFB 
2.H ± O.H H.3 ± 2.1 
3.2 ± 1.2' :n ± I S 
3.1) ± 0.7' H.7 ± 3.1 ' 
3.3 ± 1.3' 8.H ± 2.1Y 
<l L-SO D \\':1 ~ injected i.p. ~ h bL fOrL' sensitization :1. nd /u r l' li cit;'ltion (n = S). 
bFoi· Sl' JJ siriz:llion. ,] solution or 5() ,ul of J ty.l T CSA in ;l(l't"Oll l' or 20 ,ul of O.S'.X, 
DNFn in .. In u li vc-:t <.:L' lO lll' tlli x ture ( 1:4) was app li ed cp icuLmL'Ously un tlu: shavL·d 
<lbdomin;l l ·w.1 !1 skin. 
·Fivl' da ys al-ter sensiti zation. th t· :J nin1 als were chalkn gcd on bm h sides of the 
c::1r lobe wi th p.1inring of 20 t-t l of 0. I'Yc1 T CSA or IJ.2':{, DNFB. 
"E.tr incre ment in ncg:u ivc contro ls -:;:;: T CS A: {). 3 ±: OJJ, DNFI3: 1.5 ± 0.58. 
'Noc signific.111L 
li poso nJJI SO D has bc:c:n deve lo ped and app li ed for clini ca l di s-
o rde rs II <) 1. 
In th e present s tud y, we in ves ti g ;Hed th e parti cip~t i on of O ls 
in t he ph o tosen siti za ti o n process to TCSA b y scaven g in g O ls 
us in g L-SO D in o ur m o use sys te m . Ph o tosens itizatio n w ~1s sig-
nifi c mtl y suppressed b y th e pret rea tm e n t of mi ce w ith L-SOD. 
H owever, th e ph o toelicitatio n reactio n was less s ig nifi ca ntl y af-
tl:c ted w hen L-SO D was injected in photosens iti zed mice befo re 
p ho tocha llc ngc . T hi s m :~y be because a ve r y small a m o unt of a 
p ho to prod uc r that was gene rated even und e r th e pr cscn c<: of an 
0 1 scaven ge r is s uffi c ient to p rovoke photoa lle rg ic reac ti o ns in 
hi g hl y sens itized subj ects 120,2 11 . T his fa ilure to respond d id no t 
res ult fi·o m an unres po n sive state pro du ced b y th e usc o f L-SOD 
o r fro m th e gen e rati o n o f s u ppresso r cells. M o re impo rtan tly, 
L-SOD pre trea tm ent in du ced th e s upp ress io n of C PS to T CS A 
but no t ordin :~ r y CS to T CSA o r DNFB . It is specul ated th at 
L-SOD inte rrupted immuni zn io n , lea din g w a null e vent; h ow-
ever, thi s is un like ly beca use the mi ce th:~t were pretrea ted w ith 
L-SOD we re s u cccss tull y contact se ns iti zed w ith T CS A and D NFB . 
T his ind ica tes that th e s uppress io n is not d ue to th e n o ns pecifi c 
im1i 1L1n os upprcss ive o r anti-inA ammato r y effect o f L-SOD. 
l'l.at he r , t he fa ilure of p rod u ctio n o fph otoa lle r gen m ay result from 
L-SOD tr<:atm e nt. A lth o ug h th <: d isc ri min a tive effect o f L-S O D 
on C PS and CS to TCSA could pa rtl y be asc ribed to the e ffec t 
of !3L o n t he response, we speculate that th e p ro du c tio n of p ho -
toa lkrge n is m o re criti ca ll y d e pen de nt o n t he prese n ce of O ls 
th an that of o rdin a r y contac t a ll e rgen . In thi s co ntext , we ha ve 
shown t hat pho tosens it iv ity ma y d epend st ri c t ly o n Lan gerha ns 
ce ll in teg rity, w hile ~ l te rn at i ve path ways a rc a va il a ble fo r p re-
sentation of anti ge ns for CS I7 J. Thus, o ur assumptio n is that 
Langerh ans cell s a rc in volved in th e fo rm a tio n of ph o toa llcrgens 
un der the prese nce o f O ls. 
Severa l autho rs l22-24 lluvc sugges ted that irradiatio n prod uces 
hig h ly JTacriv c s h o rt-li ved free radi ca ls that direc tl y JTacr w ith 
p ro te in s p ho toche mi ca ll y to fo rm a co mplt.:cc anti gen (free radi ca l 
mechanis m ). An o the r poss ible m echanism is that O ls ~ rc pro duced 
b y li g h t abso rp tion in the presen ce o f oxygen and rea ct w ith th e 
bi o log ic subs trate to fo rm sta bl e photo pro du cts . The two m ech-
anis m s a rc n ot mutuall y excl us ive and p ro babl y o pe rate in the 
fo rnut io n of a co mpl e te p ho toa lkrgcn that in duces sens itiza t io n 
v ia immun oco mpe te nt ce ll s w ith res ultant photoalkrg ic reac-
tio ns. 
We arc l'l' r y xra lcfitl (O O r. A. i\4. i\l{ i r helsoll fo r . ~il'illg liS lit e opporllllllf)' ((l 
li Se L-SOD in fi1 c fJI'<'Sl' llf .<Indy, a11d fo Or. Mi::11l10 Ya tlladajJI' cr ifi u J! rearli11.~ 
t~( th e lll ll llll srrip l . 
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